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(57) ABSTRACT 

A system to provide additional functionality to robots in 
automated warehouse systems is disclosed. The system can 
include a number of additional components that can be 
attached to existing components of the warehouse system to 
improve safety, functionality, and decrease costs. The sys 
tem can provide modular tools to enable robots to perform 
additional tasks without having equipment permanently 
installed on the robots. The bases or shelves for the auto 
mated warehouse system can be equipped with robotic arms, 
lights, cameras, sensors, actuators and other components to 
enable a robot to utilize a particular tool for a particular job. 
The robot and the bases or shelving units can also comprise 
complementary electronic connections to provide power 
and/or data communications between the robot, the bases or 
shelving units, and/or a management module. 

19 Claims, 14 Drawing Sheets 

210 

  



US 9,656,806 B2 
Page 2 

(56) References Cited 

U.S. PATENT DOCUMENTS 

2013/0054.005 A1 2/2013 Stevens ................ G06Q 10/087 
TOO,216 

2015,01533 12 A1* 6, 2015 Gonzalez ................. GOD 5 (OO 
T3/23.2 

* cited by examiner 



U.S. Patent May 23, 2017 Sheet 1 of 14 US 9,656,806 B2 

N3 

s 

  



U.S. Patent May 23, 2017 Sheet 2 of 14 US 9,656,806 B2 

  





U.S. Patent May 23, 2017 Sheet 4 of 14 US 9,656,806 B2 

Fig. 3B 

310 

310 

31 O 

31 O 

305 

  



31 O 

10 

310 

310 

or) 

US 9,656,806 B2 

– 

U.S. Patent 

Fig. 3C 

  



U.S. Patent May 23, 2017 Sheet 6 of 14 US 9,656,806 B2 

  



U.S. Patent May 23, 2017 Sheet 7 of 14 US 9,656,806 B2 

Fig. 5 

  



U.S. Patent May 23, 2017 Sheet 8 of 14 US 9,656,806 B2 

Fig. 6 
  



U.S. Patent May 23, 2017 Sheet 9 of 14 US 9,656,806 B2 

Fig. 7 

  



U.S. Patent May 23, 2017 Sheet 10 of 14 US 9,656,806 B2 

Fig. 8 

-805 

810 

  



U.S. Patent May 23, 2017 Sheet 11 of 14 US 9,656,806 B2 

  



U.S. Patent May 23, 2017 Sheet 12 of 14 US 9,656,806 B2 

  



U.S. Patent May 23, 2017 Sheet 13 of 14 US 9,656,806 B2 

1005 
Receive Maintenance -/ 
Order at Management 

MOCule 

y 1010 
Send Command -/ 

to Robot 

y 1015 
Locate First Base u1 

TOO 

y 102O 
Lift and Connect to u? 

Base TOOl 

y 1025 
Travel to Maintenance u/ 

LOCation 

y 1030 
Perform -/ 

Maintenance 

y 1035 
Return Base TOOl -/ 

End 



U.S. Patent May 23, 2017 Sheet 14 of 14 US 9,656,806 B2 

| Receive Merchandise y Receive Maintenance 1145 
Order at Management Order at Management -/ 

{ Module Module 

1110 1150 

Send Commandu/ Send Command u? 
to Robot 8 to RObot 

is 
Send Command u/ 

to Bin 

in 
Locate Bin with u? 

LOCate First Base - 
TOOl 

3 y 1160 

Lift and Connect to u? 
Robot (Scan) Base TOOl 

1125 1165 
Lift and Transportu? Travel to Maintenance u/ 
Binto Work Area LOCation 

------------w----------------------------------- 1130 

Pick Merchandise- Perform u? Maintenance 

1175 

Activate Pick a y 
SWitch 

1140 

Move Bin to Next -/ 
Location (Home) 

  

    

  

  



US 9,656,806 B2 
1. 

MODULAR, MULTI-FUNCTION SMART 
STORAGE CONTAINERS 

BACKGROUND 

Modern inventory systems, such as those in mail order 
warehouses, supply chain distribution centers, airport lug 
gage systems, and custom-order manufacturing facilities, 
include a number of complex systems, including robots, 
automated shelving systems, radio frequency identification 
(RFID), and automated Scheduling and routing equipment. 
Many systems, for example, comprise robots that travel to 
shelving systems to retrieve items and return them to a 
central location for additional processing. 

Automated warehouses exist that use robots, for example, 
to move items or shelves from a storage location in the 
warehouse to a shipping location (e.g., for inventory items 
to be boxed and shipped). It is inevitable, however, that 
Some items in the inventory system will be dropped, mis 
placed, or otherwise mishandled during transfer. In addition, 
accurate inventories are important to control costs, maintain 
levels, and meet customer demand, among other things. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a schematic diagram that depicts components of 
an automated warehouse, in accordance with some examples 
of the present disclosure. 

FIGS. 2A and 2B are isometric views of a robot with a 
lifting mechanism in the retracted and the extended position, 
respectively, in accordance with some examples of the 
present disclosure. 

FIG. 3A is an isometric view of a smart pod with 
additional electronic components installed, in accordance 
with some examples of the present disclosure. 

FIG. 3B is a front view of a smart pod in a first position 
with additional actuators installed, in accordance with some 
examples of the present disclosure. 

FIG. 3C is a front view of the smart pod of FIG. 3B in a 
second position with yet more actuators installed, in accor 
dance with Some examples of the present disclosure. 

FIG. 4 is an isometric view of a base with a generic base 
tool installed, in accordance with Some examples of the 
present disclosure. 

FIG. 5 is an isometric view of a base with a robotic arm 
base tool, in accordance with some examples of the present 
disclosure. 

FIG. 6 is an isometric view of a base with a camera base 
tool comprising a plurality of cameras installed, in accor 
dance with Some examples of the present disclosure. 

FIG. 7 is an isometric view of a base with a light base tool 
comprising a plurality of light sources installed, in accor 
dance with Some examples of the present disclosure. 

FIG. 8 is an isometric view of a base with a floor base tool 
comprising one or more floor cleaning tools, in accordance 
with some examples of the present disclosure. 

FIG. 9A is an isometric view of a robot lifting mechanism 
comprising a plurality of electrical connectors and load cells, 
in accordance with some examples of the present disclosure. 
FIG.9B is an isometric view of a base with a plurality of 

electrical connectors, in accordance with Some examples of 
the present disclosure. 

FIG. 10 is a flow diagram of a process for performing 
maintenance tasks in an automated warehouse, in accor 
dance with Some examples of the present disclosure. 

FIG. 11 is a flow diagram of a process for picking 
merchandise and performing maintenance tasks with the 
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2 
same robot in an automated warehouse, in accordance with 
Some examples of the present disclosure. 

DETAILED DESCRIPTION 

Examples of the present disclosure relate generally to 
automated warehouses, and specifically to a modular system 
for increasing the functionality of robots and shelving com 
ponents in the warehouse. The shelving components can 
comprise bases and shelving units. The robots can comprise 
a plurality of electrical connectors to enable them to connect 
with complementary connectors on the bases, which may, in 
turn, connect to the shelving units. In some examples, 
various electronic components can be installed on the base 
and/or the shelving unit to provide the base, shelving unit, 
and/or robot with additional functionality. 

In some examples, a robot can retrieve a shelving unit 
comprising one or more inventory items and delivery it to a 
work station, for example, for fulfillment of an order or 
restocking. The robot can then return the shelving unit, pick 
up a base tool. Such as a robotic arm or camera tool, and 
perform additional operations without permanent modifica 
tions to the robot. Additionally or alternatively, the base 
stations and/or shelving units can include additional equip 
ment that can then be used by the robot (or the system) to 
perform various tasks including, but not limited to, moving 
items via one or more robotic arms, sensing environmental 
conditions or characteristics via one or more sensors, adjust 
ing or moving items associated with the bases and/or shelv 
ing units via one or more actuators, lighting areas via one or 
more lights, and photographing areas via one or more 
cameras. Due to the modularity of the robots, shelving units, 
and bases, any robot in the system can connect to and carry 
any shelving unit and any base tool to utilize components 
mounted thereon. 
To simplify and clarify explanation, the disclosure is 

described herein by way of systems, apparatuses, and meth 
ods for enabling warehouse robots and shelving components 
to perform additional tasks in a warehouse. One skilled in 
the art will recognize, however, that the disclosure is not so 
limited. While, the system may be described as a system to 
manage warehouses, for example, it should be understood 
that the system may just as easily be used for robots used on 
assembly lines, for delivery, and in many other environ 
ments. In addition, the system is described herein for use 
with warehouse robots, but could also be applied to other 
vehicles using different form factors such as railroad repair 
vehicles and earth moving equipment, for example. 
The apparatuses, methods, and systems described here 

inafter as making up the various elements of the present 
disclosure are intended to be illustrative and not restrictive. 
Many suitable vehicles, energy sources, navigational aids, 
and networks that would perform the same or a similar 
function as the systems described herein are intended to be 
embraced within the scope of the disclosure. Such other 
systems, apparatuses, and methods not described herein can 
include, but are not limited to, vehicles, systems, networks, 
and technologies that are developed after the time of the 
development of the disclosure. 

FIG. 1 illustrates an inventory control system 100. The 
inventory control system 100 can comprise a management 
module 115, one or more mobile drive units, or robots 120, 
one or more inventory containers, pods, or bins 130, and one 
or more inventory work stations 150. The robots 120 can 
transport the bins 130 between points within a warehouse 
170 on their own, or in response to commands communi 
cated by the management module 115. Each bin 130 can 
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store one or more types of inventory items 140. As a result, 
the inventory control system 100 is capable of moving 
inventory items 140 between locations within a workspace, 
such as a storage facility or warehouse 170 to facilitate the 
entry, processing, and/or removal of inventory items 140 
from inventory control system 100 and the completion of 
other tasks involving the inventory items 140. 
The management module 115 can assign tasks to the 

appropriate components of the inventory control system 100 
and coordinate operation of the various components in 
completing the tasks. These tasks may relate both to the 
movement and processing of inventory items and the man 
agement and maintenance of the components of inventory 
control system 100. The management module 115 may 
assign portions of the warehouse 170, for example, as 
parking spaces for the robots 120, the scheduled recharge or 
replacement of robot 120 batteries, the storage of bins 130 
or base tools 405 (discussed below), or any other operations 
associated with the inventory control system 100 and its 
various components. 
The management module 115 may select components of 

the inventory control system 100 to perform these tasks and 
communicate appropriate commands and/or data to selected 
components to facilitate completion of these operations. 
Although shown in FIG. 1 as a single, discrete component, 
the management module 115 may represent multiple com 
ponents and may represent, or include, portions of the robots 
120, bins 130, or other elements of the inventory control 
system 100. As a result, any or all of the interaction between 
a particular robot 120 and the management module 115 that 
is described below may, for example, represent peer-to-peer 
communication between that robot 120 and one or more 
other robots 120, or may comprise internal commands based 
on memory in the robot 120, for example. 
As mentioned above, the robots 120 can be used to move 

bins 130 between locations within the warehouse 170. The 
robots 120 may represent many types of devices or compo 
nents appropriate for use in inventory control system 100 
based on the characteristics and configuration of bins 130 
and/or other elements of inventory control system 100. In a 
particular embodiment of inventory control system 100, the 
robots 120 can represent independent, self-powered devices, 
such as wheeled or tracked robots or robotic carts, for 
example, configured to freely move about warehouse 170. 
Examples of Such inventory control systems are disclosed in 
U.S. Patent Publication No. 2012/0143427, published on 
Jun. 7, 2012, titled “SYSTEMAND METHOD FOR POSI 
TIONING AMOBILE DRIVE UNIT,” and U.S. Pat. No. 
8,280,547, issued on Oct. 2, 2012, titled “METHOD AND 
SYSTEM FORTRANSPORTING INVENTORY ITEMS, 
the entire disclosures of which are herein incorporated by 
reference. 

In other examples, the robots 120 can comprise track 
guided robots configured to move bins 130 along tracks, 
rails, cables, a crane system, or other guidance or Support 
elements traversing the warehouse 170. In this configura 
tion, the robot 120 may receive power, communications, 
and/or support through a connection to guidance elements 
Such as, for example, a powered rail, slot, or track. Addi 
tionally, in Some examples of the inventory control system 
100, the robot 120 may be configured to utilize alternative 
conveyance equipment to move within warehouse 170 and/ 
or between separate portions of warehouse 170. 

Additionally, the robots 120 may be capable of commu 
nicating with the management module 115 to receive tasks, 
bin 130 assignments, transmit their locations or the locations 
of other robots 120, or exchange other suitable information 
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4 
to be used by management module 115 or robots 120 during 
operation. The robots 120 may communicate with manage 
ment module 115 using, for example, wireless, wired, or 
other connections. In some examples, the robots 120 may 
communicate with management module 115 and/or each 
other using, for example, 802.11 specification wireless trans 
missions (e.g., b/g/n), Bluetooth, radio frequency (RF), 
Infrared Data Association (IrDA) standards, or other appro 
priate wireless communication protocols. 

In other examples, such as in an inventory control system 
100 using tracks, the tracks or other guidance elements (e.g., 
slots or rails) along which robot 120 moves may be wired to 
facilitate communication between robot 120 and other com 
ponents of inventory control system 100. Furthermore, as 
noted above, the robot 120 may include components of the 
management module 115 Such as, for example, processors, 
modules, memory, and transceivers. Thus, for the purposes 
of this description and the claims that follow, communica 
tion between management module 115 and a particular robot 
120 may also represent communication between compo 
nents within a particular robot 120. In general, the robots 
120 can be powered, propelled, and controlled in many ways 
based on the configuration and characteristics of a particular 
inventory control system 100. 
The bins 130 are used to store inventory items and can 

include additional features as part of the inventory control 
system 100. In some examples, each of the bins 130 can 
include multiple dividers to create multiple bays within the 
storage bin 130. In this configuration, each storage bin 130 
can store one or more types of inventory items 140 in each 
bay (e.g., each bin 130 may store the same inventory item 
140 in all bays, or different inventory items 140 in each bay, 
or have no bays and store just one type of item 140). 
Additionally, in particular examples, inventory items 140 
may also hang from hooks or bars within, or on, the bins 
130. In general, the bins 130 may store inventory items 140 
in any appropriate manner within the bins 130 and/or on the 
external surface of bins 130. 
The bins 130 can be configured to be carried, rolled, 

and/or otherwise moved by the robots 120. In some 
examples, the bins 130 may also provide propulsion to 
supplement that provided by robot 120 when moving mul 
tiple bins 130, for example. Additionally, each bin 130 may 
include a plurality of sides, and each bin may be accessible 
through one or more sides of the bins 130. For example, in 
a particular embodiment, the bins 130 include four sides. In 
such an embodiment, bins 130 located at a corner of two 
sides may be accessible through either of those two sides, 
while each of the other bins is accessible through an opening 
in one of the four sides and a free-standing bin 130 may be 
accessible via all four sides. The robot 120 may be config 
ured to rotate bins 130 at appropriate times to present a 
particular face and the shelves or dividers associated with 
that face to an operator or other components of inventory 
control system 100 to facilitate removal, storage, counting, 
or other operations with respect to inventory 140. 

In particular examples, the inventory control system 100 
may also include one or more inventory work stations 150. 
Inventory work stations 150 represent locations designated 
for the completion of particular tasks involving inventory 
items. Such tasks may include the removal of inventory 
items 140, the addition, or restocking, of inventory items, 
the counting of inventory items 140, the unpacking of 
inventory items 140 (e.g. from pallet- or case-sized groups 
to individual inventory items), the consolidation of inven 
tory items 140 between bins 130, and/or the processing or 
handling of inventory items 140 in any other suitable 
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manner. The work stations 150 may represent both the 
physical location and also any appropriate equipment for 
processing or handling inventory items, such as work 
benches, packing tools and Supplies, Scanners for monitoring 
the flow of inventory items in and out of inventory control 
system 100, communication interfaces for communicating 
with management module 115, and/or any other suitable 
components. Inventory work stations 150 may be controlled, 
entirely or in part, by human operators or may be partially 
or fully automated. 

In operation, the management module 115 selects appro 
priate components to complete particular tasks and transmits 
task assignments 118 to the selected components. These 
tasks may relate to the retrieval, storage, replenishment, and 
counting of inventory items and/or the management of robot 
120, bins 130, inventory work stations 150, and other 
components of inventory control system 100. Depending on 
the component and the task to be completed, a particular task 
assignment 118 may identify locations, components, and/or 
actions associated with the corresponding task and/or any 
other appropriate information to be used by the relevant 
component in completing the assigned task. 

In particular examples, the management module 115 
generates task assignments 118 based, in part, on inventory 
requests that management module 115 receives from other 
components of inventory control system 100 and/or from 
external components in communication with management 
module 115. For example, in particular examples, an inven 
tory request may represent a shipping order specifying 
particular inventory items that have been purchased by a 
customer and that are to be retrieved from inventory control 
system 100 for shipment to the customer. The management 
module 115 may also generate task assignments 118 in 
response to the occurrence of a particular event (e.g., in 
response to a robot 120 requesting a space to park), accord 
ing to a predetermined schedule (e.g., as part of a daily 
start-up or cleaning routine), or at any appropriate time 
based on the configuration and characteristics of inventory 
control system 100. 
The management module 115 may also, in particular 

examples, communicate task assignments 118 to a robot 120 
that include one or more destinations for the robot 120. In 
this vein, the management module 115 may select a robot 
120 based on the location or state of the robot 120, an 
indication that the robot 120 has completed a previously 
assigned task, a predetermined schedule, and/or any other 
Suitable consideration. For example, the task assignment 
may define the location of a bin 130 to be retrieved, an 
inventory work station 150 to be visited, a storage location 
where the robot 120 should park until receiving another task, 
or a location associated with any other task appropriate 
based on the configuration, characteristics, and/or state of 
inventory control system 100, as a whole, or individual 
components of inventory control system 100. 
As part of completing these tasks, the robots 120 may 

dock with various bins 130 within the warehouse 170. The 
robots 120 may dock with bins 130 by connecting to, lifting, 
and/or otherwise interacting with bins 130 such that, when 
docked, the robots 120 are coupled to the bins 130 and can 
move bins 130 within the warehouse 170. While the descrip 
tion below focuses on particular examples of robots 120 and 
bins 130 that are configured to dock in a particular manner, 
alternative examples of robots 120 and bins 130 may be 
configured to dock in any manner Suitable to allow robots 
120 to move bins 130 within warehouse 170. 
Components of inventory control system 100 may pro 

vide information to the management module 115 regarding 
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6 
their current state, the state of other components of inventory 
control system 100 with which they are interacting, and/or 
other conditions relevant to the operation of inventory 
control system 100. This may allow management module 
115 to utilize feedback from the relevant components to 
update algorithm parameters, adjust policies, or otherwise 
modify its decision-making to respond to changes in oper 
ating conditions or the occurrence of particular events. In 
addition, while management module 115 may be configured 
to manage various aspects of the operation of the compo 
nents of inventory control system 100, in particular 
examples, the components themselves may also be respon 
sible for some decision-making relating to certain aspects of 
their operation, thereby reducing the processing load on 
management module 115. 

In some examples, the system 100 can also comprise one 
or more modular tools 160 for use by the robots 120. The 
tools 160 can comprise, for example, lights, imaging devices 
(e.g., cameras), robotic arms, sensors, actuators and other 
tools or combinations of tools mounted on a modular, or 
universal, base. In this manner, any of the robots 120 can use 
any of the tools 160 by simply picking them up and coupling 
with the tool 160 electronically. In this manner, a single 
robot 120 (or any robot 120) can be used to sweep the floor, 
then manipulate an object with a robotic arm, then pick up 
and transport inventory items, for example, simply by uti 
lizing various modular tools. 

In some embodiments, the tools 160 can all be parked in 
designated or known locations in the warehouse 170. This 
can enable the robots 120 to locate the tools 160 by their 
locations, similar to how they locate bins 130. In other 
examples, the tools 160 can include homing signals, mark 
ings, visual identifiers, location identifiers, or other means, 
to enable the robots 120 to locate the tools 160 using, for 
example, a camera or other sensor. 

In some examples, as shown in FIGS. 2A and 2B, the 
robots 120 can comprise a number of features. The robots 
120 can comprise, for example, one or more drive units 205 
to move the robot 120 in the warehouse 170. The drive units 
205 can comprise, for example, one or more wheels, balls, 
tracks, or air cushions. As mentioned above, in some 
examples, the drive units 205 can be sized and shaped to 
follow a guidance track in the warehouse. The guidance 
track can comprise, for example, a train track, magnetic 
stripe, painted Stripe, or electronic or visual markers. In this 
configuration, the drive units 205 can use optical, magnetic, 
or other sensors to follow the track. In other examples, the 
drive units 205 can comprise drive wheels, or other means, 
and include a pin to follow a slot or electrical pathway in the 
floor of the warehouse 170. 
To prevent accidents, detect faults, and provide guidance 

and navigation, the robots 120 can be equipped with a 
number of sensors. In some examples, the robots 120 can 
comprise one or more proximity sensors 210. The proximity 
sensors 210 can enable the robot 120 to detect other robots 
120, obstructions in the robot's path (e.g., merchandise that 
has fallen on the warehouse 170 floor and workers in the 
warehouse 170). The robots 120 can also comprise one or 
more additional sensors, including, but not limited to, an 
imaging device, camera 225, or laser Scanner 215. The 
camera 225 can comprise, for example, a video camera, 
infrared or infragreen camera, or ultraviolet (UV) camera. In 
Some examples, the robots 120 can also comprise additional 
equipment such as, for example, global positioning system 
(GPS) receivers and wireless local area network (WLAN) or 
cellular transceivers. 
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In some examples, the robot 120 can also comprise one or 
more additional input devices 230. The input devices 230 
can comprise, for example, a camera, laser bar code scanner, 
RFID reader, or other means to read, for example, tags 
located on the bottom of the bins 130, or provide additional 
inputs and data regarding the bins, other robots 120, and/or 
environmental conditions (e.g., temperature sensors, Voltage 
sensors, battery level indicators, etc.). As discussed in more 
detail below, this can enable the robot 120 to locate the bins 
130 that contain the requested product, request maintenance, 
and identify problems, among other things. In still other 
embodiments, the robot 120 can also comprise additional 
movement sensors such as, for example, a bump or proX 
imity sensor 250 to prevent collisions between the robots 
120 and other objects. 
The robots 120 can also comprise a lifting mechanism 

235. The lifting mechanism 235 can comprise, for example, 
a screw jack, a hydraulic jack, or an electric jack. In the 
retracted position (FIG. 2A), the robot can move under the 
base, or bottom shelf of the one of the bins 130. Once under 
the bin 130, the robot 120 can scan a tag on the bin 130 with 
the laser bar scanner 230, for example, to ensure it is in the 
right location. The robot 120 can then activate the lifting 
mechanism 235, as shown in FIG. 2B, to lift the bin 130 off 
the floor (e.g., approximately 5 cm). In some examples, the 
lifting mechanism 235 can also include a latch, slot, magnet, 
twist-lock, Socket, or other means to mechanically engage 
the bin 130. 
As discussed in greater detail below, in Some examples, 

the lifting mechanism 235 can also comprise one or more 
couplers 240 to provide electrical, optical, or mechanical 
connections between the robots 120 and the tools 160 to 
enable the robot 120 to communicate with, power, operate, 
retain, and or couple to the tools 160. In some examples, the 
couplers 240 can comprise a latch or electromagnet, for 
example, to prevent the bin 130, tools 160, or other objects 
from falling off the robot 120. In other examples, the 
couplers 240 can comprise electrical, electro-optical, or 
mechanical connectors to provide power and/or communi 
cations between the robots 120 and the tools 160. In other 
words, the couplers 240 can provide uni- or bi-directional 
power and/or communications between the robots 120 and 
the tools 160 to enable, for example, the robot 120 to control 
and/or power the tool 160 and vice-versa. In this configu 
ration, the robot 120 may control the tool 160, for example, 
while a power source on the tool 160 charges the robot 120. 
Of course, other combinations and permutations are possible 
and are contemplated herein. 
As shown in FIG.3A, the bin 130 can comprise a base 305 

and one or more shelving units 310. In some examples, the 
shelving units 310 can be modular and can be stacked on top 
of one another to provide adjustable heights. In some 
examples, the base 305 can include a bar code, RFID tag, or 
other labeling means to enable the robot 120 to ensure it has 
located the correct bin 130. In other words, the robot 120 can 
be provided with a physical location in the warehouse 170 
for the bin 130, go to the bin 130, and then verify it has 
located the correct bin 130 with the label. This can help 
quickly identify bins 130 that have been returned to the 
wrong location or products that have been stored in the 
wrong bin 130, among other things. As shown, the bins 130 
can be used to store inventory items 140, which can include 
many items that are typically warehoused including, for 
example, food, parts, merchandise, and files. 

Examples of the present disclosure can increase the 
functionality of both the bins 130 and the robots 120 by 
providing a system 300 for adding additional features to the 
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8 
bins 130. In this manner, the bins 130, or the bases 305, can 
essentially become modular tools for the robots 120. As a 
result, the robots 120 can perform a multitude of additional 
functions without permanent physical alteration of the 
robots 120 (e.g., permanent installation of additional com 
ponents). This can enable the robots 120 to have increased 
functionality without permanently increasing the weight 
and/or complexity of the robots 120, for example. 

In some examples, the shelving units 310 or base 305 can 
be fitted with one or more cameras, Scanners, lights, sensors, 
actuators or other electronic or electromechanical equipment 
315. In some examples, the electronic or electromechanical 
equipment 315 can comprise one or more imaging devices 
or cameras 315a that can be turned on when the robot 120 
picks up the bin 130, for example, to enable the areas of the 
warehouse 170 between the bin's 130 original location and 
the work station 150 to be monitored. This can enable the 
system 300 to identify merchandise that has fallen onto the 
floor, for example, or to monitor employee movement on the 
warehouse 170 floor. In some examples, the cameras 315a 
can take high resolution pictures of bins 130 in the ware 
house 170 as they travel from location to location to enable 
visual inventory control, including real-time inventory con 
trol. In other words, an employee or automated system can 
review one or more pictures from the cameras 315a to 
identify and count merchandise on the shelving units 310. In 
this manner, the system 300 can both increase inventory 
accuracy and identify mislabeled or misplaced merchandise. 

In other examples, the electronic or electromechanical 
equipment 315 can comprise one or more scanners 315b 
(e.g., laser scanners). The laser scanners 315b can enable the 
system 300 to detect, for example, merchandise 140 that is 
protruding from the bin 130 or merchandise 140 that has 
fallen onto the floor of the warehouse. In some examples, the 
laser scanners 315b can automatically detect when a product 
has been pulled, or “picked.” from the bin 130 to update the 
status of a pick in the system 300. 

In still other examples, the electronic or electromechani 
cal equipment 315 can comprise one or more lights 315c. In 
some examples, the lights 315c can be used to illuminate the 
area around the bin 130. This can enable the robot 120 to 
better scan the warehouse, for example, as it travels there 
through. In other examples, the lights 315c can illuminate 
when receiving a signal from the management module 115 
that the bin 130 has been identified for a pick (e.g., the bin 
130 contains merchandise 140 that has been ordered from 
the warehouse). 

In still other examples, the bin 130 can also comprise one 
or more indicators 320. In some examples, the indicators 
320 can comprise, for example, light emitting diodes 
(LEDs), light bulbs, horns, Sirens, or tone generators. The 
indicators 320 can indicate that the bin 130 needs attention 
from a robot, picker, or maintenance personnel, for example. 
If the bin 130 has a broken component, for example, is out 
of one or more inventory items 140, or has been designated 
for a pick, the indicators 320 can be activated. In some 
examples, the indicators 320 can comprise multiple lights, 
for example, and can also provide information related to 
battery levels, wireless connection strength, or overall 
weight, among other things (i.e., the more indicators 320 
that are lit, the better the battery or connection strength). 

In some examples, the bin 130 can also comprise one or 
more switches 330. The Switches 330 can be used to turn the 
indicators 320 off and on. In some examples, the switches 
330 can comprise a pick switch 330, for example, to 
deactivate the indicators 320 to indicate that a pick has been 
completed. In other examples, the switches 330 can be 
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activated by personnel to indicate that a bin 130 needs 
maintenance, for example, or that a bin 130 is out of an 
inventory item 140. 

If a bin 130 is identified for a pick by the management 
module 115, for example, the management module 115 can 
send a command to the bin 130 to turn on its indicators 320. 
The indicators 320 can provide additional confirmation to 
the robot 120, for example, that it is lifting and moving the 
correct bin 130. The bin 130 can then be delivered to a work 
station 150 where a picker can remove the appropriate 
merchandise 140. When the pick is complete, either the 
system 300 can automatically detect that the pick is com 
plete using, for example, the laser scanner 315b, or the 
picker can indicate that the pick is complete by activating the 
pick switch 330 (and deactivating the indicators 320). 

In some examples, the bin 130 can also comprise an 
onboard power source 325. The power source 325 can 
comprise, for example, a battery or a capacitor to enable the 
electronic or electromechanical equipment 315 to be used 
without power from a robot 120. In some examples, as 
discussed below, the robot 120 can recharge the power 
source 325, or vice versa. Thus, the power source 325 can 
comprise a backup power source for the bin 130 and/or the 
robot 120. In other examples, the robots 120 can be the sole 
power source for the bins. In other words, in this configu 
ration, the bins 130 have no power source 325 and only have 
electrical power when connected to a robot 120. 
Of course, while the indicators 320, pick switch 330, 

power source 325, and other components are shown in a 
particular arrangement in FIG. 3A, other configurations are 
possible. In some examples, each shelf 310 of the bin 130, 
for example, can comprise an indicator 320. In this manner, 
the indicator 320 can signify both the bin 130 and the shelf 
310 on which the merchandise is located to be quickly 
identified. Similarly, in Some configurations, the pick Switch 
330 could be located on the bottom of the base 305, for 
example, such that when the robot 120 picks up the bin 130 
to return it, the pick switch 330 is automatically activated. 
As a result, FIG. 3A is merely intended to be illustrative and 
not limiting. 
As shown in FIGS. 3B and 3C, in some examples, the bin 

130 can also comprise one or more actuators. In some 
examples, the shelves 310 can be pivotally coupled to the 
bin 130 and can be mounted on a tilting mechanism 350. In 
this configuration, the tilting mechanism 350 can comprise, 
for example, a central shaft 355 pivotally coupled to each 
shelf 310. The central shaft 355 can be moved vertically 
using an actuator 360 Such as, for example, a linear actuator, 
electric motor, or other means. 

In this configuration, the shelves 310 can have a first 
position (FIG. 3A) and a second position (FIG. 3B). As 
shown in FIG. 3B, in this first position, the inner portion 
310a of the shelves 310 can be tilted down (or the outer 
portion 310b tilted up, depending on the mechanism) such 
that the merchandise 140, boxes, totes, and other items slide 
toward the center of the bin 130. This can prevent merchan 
dise 140 from Snagging on passing shelves 310 during 
transportation, for example, and can prevent items from 
falling off the shelves 310 due to bumps in the warehouse or 
minor collisions. 
As shown in FIG. 3C, when the bin 130 arrives at a work 

station 150, on the other hand, the shelves 310 can be tilted 
into the second position, with the inner portion 310a of the 
shelves 310 tilted up in the middle (or, the outer portion 
310b tilted down, depending on the mechanism) such that 
the inventory 140 slides to the outside of the bin 130. This 
can be useful, for example, to enable a picker to retrieve 
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10 
merchandise from the shelves 310, perform inventory count 
ing or checks, and/or restock the shelves 310. The shelves 
310 may also be placed in this position during warehouse 
inventory operations to enable passing robots 120 to more 
easily scan or capture images of merchandise, for example. 
Moving the shelves 310 between the first position and the 

Second position can also assist in Straightening, arranging, or 
securing the merchandise 140 on the shelves 310. In other 
words, as the merchandise 140, which may be in boxes of 
varying sizes, slides into the outer 310b or inner 310a 
portion of the shelf 310, which can comprise a rim or stop, 
the boxes will tend to align and straighten. In some 
examples, the shelves 310 can also be tilted at one or more 
intermediate positions to facilitate any of various operations 
or interactions with the bin 130. A particular intermediate 
position, for example, in which the shelves 310 are substan 
tially level may be useful, for example, for long-term storage 
to minimize stresses on the shelves 310 and bins 130. 
Alternatively, each shelf 310, or compartment within a shelf, 
may be controllably tilted independently of any other shelf 
or compartment via a corresponding tilting mechanism 350. 

In still other examples, one or more of the shelves 310, or 
compartments within the shelves, can also include a pusher 
375. The pusher 375 can comprise a linear actuator, for 
example, to move the merchandise within the shelves 310. 
This may be helpful, for example, to move very heavy 
boxes, for which the tilting of the shelf does not overcome 
the friction between the box and the shelf 310. In other 
examples, the shelves 310 can remain in the first position (or 
in the intermediate Substantially level position), for example, 
and the pusher 375 can move forward only the merchandise 
140 to be picked. In other words, all of the merchandise 140 
on the shelves can be in a retracted position, away from the 
edges of the shelves 310, while the merchandise 140 to be 
picked can be in the forward position. 
As shown in FIG. 4, examples of the present disclosure 

can also comprise a system 400 for providing modular tools 
for use by any robot 120 in the system 400. In some 
examples, the system 400 can comprise multiple base tools 
405 with one or more components 410 (shown generically in 
dotted lines) mounted on a base 305. In this manner, rather 
than having a dedicated robot 120 for each necessary 
function (e.g., a robot 120 with a robotic arm or a camera 
array), any robot 120 in the system 400 can act as a transport 
mechanism for any base tool 405. In some examples, the 
bases 305 can be the same bases 305 used to support the 
shelving units 310. In other examples, the bases 305 can be 
purpose built for the components 410 mounted thereon. This 
may be necessary, for example, for a component 410 that 
required additional strength, for example, or needs to fit in 
tight spaces (e.g., a mopping tool). So, for example, a robotic 
arm base tool 505, discussed below, may require a structur 
ally rigid base 305 to withstand the torque exerted on the 
base with the robotic arm 510. A floor base tool 805, on the 
other hand, may require a special shape to fit between or 
under bins 130. To this end, some base tools 405 may have 
special platforms to perform specific tasks, yet maintain the 
modularity of the interface between the robot 120 and the 
base tool 405. 

In some embodiments, the robot 120 can be in direct 
control of the base tool 405. In other words, the sensors 210, 
215, 250, additional input devices 230, and camera 225 on 
the robot 120 can be used in conjunction with a processor on 
the robot 120 to control the base tool 405 to perform various 
duties. So, for example, the robot 120 can receive a com 
mand from the management module 115 to perform a 
maintenance item, for example. The robot 120 can then 
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retrieve the appropriate base tool 405, proceed to the loca 
tion in the request, which can be located with one or more 
sensors 210, 215, 250, additional input devices 230, or the 
camera 225, for example, and then perform the requested 
task with the base tool 405. In some examples, the robot 120 
can then return the base tool 405 to a predetermined location 
(e.g., a storage locker) for later use. In other embodiments, 
the robot 120 can return the base tool 405 to a different 
location after use and the location for each base tool 405 can 
be stored by the management module 115 or the robot 120, 
for example. 

In other examples, the robot 120 can use one or more base 
tools 405 in pre-programmed routines (e.g., to Sweep the 
floor and then mop the floor). In still other embodiments, the 
robot 120 can simply carry, transport, and/or provide power 
to the base tool 405, while the management module 115 
controls the base tool 405 remotely (e.g., via a transceiver in 
the base tool 405). In other embodiments, the robot 120 can 
essentially act as a relay to enable the management module 
115 to control the base tool 405 via a communication link in 
the robot 120. In still other embodiments, the base tool 405 
can be autonomous or semi-autonomous and can comprise 
memory and a processor for performing certain activities. In 
yet other embodiments, the base tool 405 may require no 
control (e.g., a Sweeper) or power only (e.g., a mopper) and 
the robot 120 can simply move the base tool 405 in a suitable 
pattern to achieve the task. 

In some examples, as shown in FIG. 5, the base tool 405 
can comprise a robotic arm base tool 505 comprising a base 
305 with a robotic arm 510. If the robot 120 identifies 
merchandise 140 on the floor of the warehouse 170 with one 
or more of its sensors (e.g., the camera 225), for example, 
the robot 120 can send an appropriate message to the 
management module 115. The management module 115 can 
then instruct the robot 120 (or another robot 120) to retrieve 
the robotic arm base tool 505, return to the location, and 
retrieve the merchandise 140 from the floor. In some 
examples, the robot 120 can then return the merchandise 
140, for example, to an appropriate bin 130, a work station 
150, or a dedicated “lost and found bin 130. 

In some embodiments, the robot 120 can be in direct 
control of the robotic arm 510. In other words, the sensors 
210, 215, 250, additional input devices 230, and camera 225 
on the robot 120 can be used in conjunction with a processor 
on the robot 120 to control the robotic arm base tool 505 to 
perform various duties. So, for example, the robot 120 can 
return to the location of the aforementioned merchandise 
140 on the floor, locate it with one or more sensors 210, 215, 
250, additional input devices 230, or the camera 225, and 
then pick up the merchandise 140 with the robotic arm 510. 
In some examples, the robot 120 can return the merchandise 
140, for example, to the proper bin 130, a work station 150, 
or a central lost and found area or location. 

In other examples, the robot 120 can use the robotic arm 
base tool 505 in pre-programmed routines (e.g., to sweep the 
floor). In still other embodiments, the robot 120 can carry the 
robotic arm base tool 505 and/or provide power, while the 
management module 115 controls the robotic arm base tool 
505 (e.g., via a transceiver in the robotic arm base tool 505) 
or via a communication link in the robot 120. In still other 
embodiments, the robotic arm base tool 505 can be autono 
mous or semi-autonomous and can comprise memory and a 
processor for performing certain activities. 
As shown in FIG. 6, in other examples, the base tool 405 

can comprise a camera base tool 605 comprising fixed or 
adjustable (e.g., telescoping or Scissor-type) mount 610 with 
one or more imaging devices or cameras 615. In some 
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12 
examples, as mentioned above the camera base tool 605 can 
be used to conduct inventory checks and/or counting in the 
warehouse 170. This can include checking the location and 
configuration of the bins 130 themselves and checking 
and/or counting the merchandise 140 in the bins 130. In 
other examples, the camera base tool 605 can be used 
periodically to “patrol’ the warehouse 170 to, for example, 
detect intruders, locate lost merchandise, and monitor opera 
tions. 

In some examples, the camera base tool 605 can comprise 
one or more RFID scanners 615. As the robot 120 moves 
around the warehouse 170, therefore, the robot 120 can scan 
merchandise proximate the robot 120. Because RFID can be 
designed to have a relatively limited range (e.g. less than 10 
feet), the RFID tags can be used to provide accurate inven 
tory data, and can also provide data about the location of 
inventory. In other words, because the merchandise 140 
must be within the range of the RFID scanner 615 to be read, 
its position is known at least with the range of the RFID 
system (e.g., 10 feet). As a result, the scanner 615 can read 
tags on shelves on the robot 120 and any tags on other 
shelves within 10 feet. 
When the robot 120 is moving, however, the RFID tags 

for the merchandise 140 being carried by the robot 120 will 
stay in range, while tags located on other shelves will come 
in and out of range. As a result, the robot 120 (or manage 
ment module 115) can determine what merchandise the 
robot 120 is carrying because it remains in range as the robot 
120 moves. In addition, the management module 115 can 
also use speed and direction information from the robot 120 
to further confirm the location of merchandise 140 as the 
robot 120 moves through the warehouse. In other words, the 
merchandise 140 may be located approximately between the 
position where it first came into range of the scanner 615 and 
the position where it went out of range of the scanner 615. 

In other examples, the camera base tool 605 can also 
comprise infrared cameras 615, for example, to identify 
abnormal heat sources. This can help identify unwanted 
chemical reactions between adjacent products, for example, 
spontaneous combustion, and electrical problems, among 
other things. Of course, the cameras 615 can comprise many 
types of visible and invisible spectrum detectors, sensors, 
lasers, and other components. 
As shown in FIG. 7, in still other examples, the base tool 

405 can comprise a light tool 705 comprising one or more 
lights 715, or flashes. The lights 715 can enable the robot 
120 to provide emergency lighting, for example, in case of 
a power failure. The light tool 705 can also provide illumi 
nation for repairs in the warehouse 170, for inventory image 
capture, or as a guide for an employee to a particular bin 130 
(e.g., one that is broken). In some examples, the lights 715 
can be Supported by a fixed or adjustable (e.g., telescoping) 
base 710. 
As shown in FIG. 8, in some embodiments, the base tool 

405 can also comprise a floor base tool 805. As the name 
implies, the floor base tool 805 can comprise tools for 
cleaning, painting, or otherwise maintaining the floors in the 
warehouse 170. To this end, in some examples, the floor base 
tool 805 can comprise a floor cleaning attachment 810. The 
floor cleaning attachment 810 can comprise, for example, a 
broom attachment, a mop attachment, a buffer, a vacuum, or 
a waxer. As discussed below, the floor base tool 805 can 
enable the robots 120 to clean the warehouse floor without 
requiring a dedicated floor machine (e.g., an automated floor 
scrubber). 

In other examples, the floor base tool 805 can comprise a 
tool for painting, Striping, Stickering, patching, or otherwise 
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maintaining the floors in the warehouse 170 to allow the 
robots 120 to identify their locations while moving within 
the warehouse 170. In some examples, the warehouse 170 
floor can include magnetic or high visibility stripes, for 
example, painted or adhered to the floor for use by the robots 
120 for guidance. In addition, markings can be provided to 
create exclusion Zones to enable workers to walkthrough the 
warehouse 170 without interfering with, or being hit by, 
robots 120. In this configuration, the floor base tool 805 can 
be used to install and/or maintain the necessary markings to 
reduce maintenance costs and time. 

Regardless of the base tool 405, in some examples, the 
base tools 405 can be controlled by the robot 120. The 
robotic arm base tool 505, for example, can essentially 
provide the robot 120 with an arm for its use and can be 
controlled by the robot's 120 processor, in conjunction with 
the robot's sensors, scanners, and other input devices 210, 
215, 230, 250 and/or camera 225. In this manner, the robot 
120 can include the functionality of a robot 120 with an arm, 
but without permanently installing a robotic arm 510 on the 
robot 120. As a result, each of the robots 120 can be used for 
multiple purposes, without specializing (e.g., a robot 120 
with a permanently installed arm may not be able to pick up 
bins 130). 

In other embodiments, the robot 120 can simply act as 
transportation, communication conduit, and/or power for the 
base tools 405 and the base tools 405 can be controlled 
directly (or via the robot 120) by the management module 
115. So, for example, the management module 115 can 
command a robot 120 to retrieve the floor base tool 805 and 
then can provide turn-by-turn directions to the robot 120 to 
sweep or mop the warehouse 170, or a portion of the 
warehouse 170. In still other embodiments, processing can 
be shared between the management module 115 and the 
robot 120. In this configuration, the management module 
115 can command the robot 120 to (1) retrieve the floor base 
tool 805 and (2) sweep or mop the warehouse 170. The robot 
120 can then travel through the warehouse 170 using a preset 
pattern or a random pattern to cover the entire floor. In this 
manner, Some of the management is controlled by the 
management module 115 (e.g., the timing and location of the 
cleaning), while the remainder of the management is con 
trolled by the robot 120 (e.g., the pattern to follow, speed, 
etc.) 

Similarly, any robot 120 can use the camera base tool 605 
for its own purposes (e.g., to provide a higher vantage point 
than the camera 225 on the robot 120) or can be used to 
capture images of all or part of the warehouse 170 using the 
camera base tool 605. As mentioned above, this can be used 
to conduct inventory checks and/or counting, for example, 
or for security or patrol purposes. As before, in some 
embodiments, the robot 120 can essentially act as a “dumb 
terminal.” and can act based solely on commands from the 
management module 115. In this configuration, the manage 
ment module 115 can command the robot 120 to go to the 
location of the camera base tool 605, pick it up, and then 
traverse the warehouse 170 in a pattern or route provided by 
the management module 115. In other examples, the robot 
120 can be autonomous or semi-autonomous and the man 
agement module 115 can simply send a command to the 
robot 120 to “conduct inventory check.” The robot 120 can 
then go to a preset location (or look for) the camera base tool 
605, pick up the camera base tool 605, and the follow a 
preset or random pattern designed to cover the entire ware 
house 170, or a portion of the warehouse 170. In still other 
embodiments, control and command can be shared by the 
robot 120 and the management module 115 with the man 
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agement module 115 specifying a location to conduct inven 
tory checks (e.g., the northwest quadrant of the warehouse 
170) and the robot 120 determining the pattern required for 
SaC. 

As shown in FIGS. 9A and 9B, in some examples, the 
base tools 405 can be powered by power sources located on 
the base 305. The base 305 can include, for example, one or 
more batteries, capacitors, fuel cells, or other power sources 
to power one or more base tools 405. In other examples, the 
base tools 405 can be powered by the power source on the 
robot 120. To this end, as shown in FIGS. 9A and 9B, the 
lifting mechanism 235 and the base 305 can comprise 
complementary power and/or data communications connec 
tions. In some examples, the lifting mechanism 235 can 
comprise one portion (e.g., male or female) of the connec 
tion(s) (FIG. 9A), while the other portion of the connections 
can be located on the base (FIG. 9B). The connections can 
comprise, for example, a ball and grid array 905, a three 
pronged power socket 910, one or more USB connectors 
915, or a round, multi-pin connector 920. Of course, other 
types of data communications connections are possible 
including, but not limited to, isolated optical/fiber optic 
communications connections, short range RF (e.g., Blu 
etooth R), near field communications, automotive style con 
nectors, and spring loaded connectors (e.g., "pogo' connec 
tors). Similarly, other types of power connections are 
possible including, for example, inductive power transfer, 
contact plates, and other contact and non-contact power 
transfer connections. 

In some examples, data communications and/or power 
transfer can be provided by a ball and grid array 905. As 
shown in FIGS. 9A and 9B, the ball grid array 905 can 
comprise a plurality of balls 905a on the lifting mechanism 
235 and a plurality of hemispherical sockets 905b on the 
base 305 (or vice-versa). In this manner, because the balls 
905a tend to self-align in the sockets 905b, less accuracy is 
required to make the connection. In addition, because of the 
high number of connections possible, in Some examples, 
partial misalignment of the ball grid array 905 may be 
permissible, with the robot 120 identifying and mapping the 
correct power and communications pathways. In other 
words, if there are Substantially more connections than are 
required, only partial alignment is necessary and the robot 
120 can identify each connection and properly connect 
them. 

In some examples, the connection between the base 305 
and the robot 120 (regardless of the connector) can include 
one or more low power connections (e.g., 5V DC for 
electronics) and one or more high power connections (e.g., 
24V DC or 110V AC). The connection can also include one 
or more data communications connections between the base 
305 and the robot 120. In some examples, the data commu 
nications connections can comprise cable area network 
(CAN), LAN, and other wired connections. In other 
examples, the data communications connections can com 
prise near field wireless connections, WLAN, or other 
wireless connections. In still other examples, all data com 
munications connections can be wireless (e.g., WLAN) and 
all power connections can be wireless (e.g., inductive power 
transfer). 
The power and data communications connections (e.g., 

the ball grid array 905) between the robot 120 (via the lifting 
mechanism 235) and the base tools 405 and bins 130 can 
enable the robot 120 to provide power to the base tools 405 
and bins 130, and vice-versa. In some examples, these 
connections can also enable the robot 120 to control the base 
tools 405. In other words, the robotic arm base tool 505 can 
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essentially become the “robot's 120 arm’ when engaged 
(e.g., lifted) by the robot 120. In this manner, any of the 
robots 120 can add the robotic arm base tool 505 when 
needed for improved functionality, and remove it when not 
needed to reduce weight and complexity. Similarly, the 
connections can enable the robot 120 to control the cameras 
315a, 615, scanners 315b, lights 315c, 715, sweeper/mopper 
810, sensors, actuators and other base tools 405 as needed 
during use. 

In other embodiments, the robot 120 can simply provide 
power and/or communications between the management 
module 115 and the base tool 405. In some examples, the 
management module 115 can communicate directly with a 
transceiver on the base tool 405 to provide commands. In 
other embodiments, the management module 115 can com 
municate with the base tool 405 via a transceiver on the 
robot 120, with the communication transmitted from the 
robot 120 to the base tool 405 via one or more of the 
connections. 

In still other embodiments, the base tools 405 and/or bins 
130 can be self-contained and/or automated. In this manner, 
the robot 120 merely provides transportation for the base 
tool 405 or bin 130. In this configuration, the base tool 405 
or bin 130 can be (1) powered by on-board power and 
controlled by the management module 115 or (2) powered 
by on-board power and act autonomously or semi-autono 
mously using on-board processors/logic. In still other 
examples, the lifting mechanism 235 can further comprise 
one or more weight or load sensors 925. The load sensors 
925 can comprise, for examples, pressure transducers or 
strain gauges, and can provide information about the total 
weight of the load and/or the distribution of the load. The 
load sensors 925 can enable the robot 120 to sense when a 
load is unbalanced, for example, and either not fully pick up 
the load or pick the load up off center to prevent the load 
from toppling. In some embodiments, the load sensors 925 
can also prevent the robot 120 from picking up a bin 130, for 
example, that exceeds its carrying capacity. This can reduce 
the risk of injury in the warehouse (e.g., due to falling loads) 
and reduce maintenance on the robots 120, among other 
things. 
As shown in FIG. 10, examples of the present disclosure 

can also comprise a method 1000 for performing various 
maintenance operations with a robot and a base tool (or bin). 
The method 1000 can begin with a robot receiving a 
maintenance order or request from the management module, 
as shown at 1005. The maintenance request can comprise a 
number of tasks including, but not limited to, Scanning the 
warehouse for obstructions or misplaced merchandise, cap 
turing images or scans for inventory control, cleaning or 
otherwise maintaining the warehouse, and providing light to 
other maintenance projects. 
The management module can then send the command to 

a robot, as shown at 1010. In some examples, the command 
can be sent to the nearest robot to the base tool, the nearest 
robot to the management module, or simply a robot that is 
not currently occupied. The instruction can include, for 
example, the task to be completed, the base tool required for 
the task, the location of the base tool and the task, and the 
estimated time of completion. So, for example, the com 
mand can instruct the robot to scan the entire warehouse 
with the camera base tool, that the camera tool is in the 
northwest corner of the warehouse, and that it will take the 
robot approximately one hour to travel up and down every 
aisle imaging every bin. 

Based on the command, a homing signal, track, visual 
identifier, location identifier, or other means, the robot can 
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then locate the base tool required for the job, as shown at 
1015. In some examples, each base tool can be returned to 
the same location or a different location after use and the 
location for each can be stored by the management module 
or the robot, for example. As mentioned above, the base tool 
can comprise, for example, a camera base tool, a light base 
tool, or a robotic arm base tool. In some examples, the 
system can also comprise a “Swiss army knife' base tool 
comprising two or more components on the same base (e.g., 
lights and cameras). In other examples, the command can 
instruct the robot to locate a bin that includes additional 
components. In this case, the bin is used not to have 
merchandise picked or Stowed, but to utilize the equipment 
(e.g., cameras and/or lights) installed on the bin. Alterna 
tively, the command can comprise both instructions with 
respect to inventory to be picked from or stowed to the bin, 
and also instructions with respect to other equipment or 
components installed on the bin, to be performed either 
serially or in parallel. 
The robot can then lift and connect with the base tool, as 

shown at 1020. As mentioned above, the connection can 
comprise power and/or data communications connections. If 
the base tool is the robotic arm base tool, for example, the 
connection can include a power connection for the robot to 
power the arm and/or data communications connections for 
the robot (or the management module) to control the arm. 
This can enable the robot to move about the warehouse and 
remove obstructions from the floor of the warehouse, for 
example, or otherwise manipulate objects or items using the 
robotic arm. 
Once connected, the robot can travel to the maintenance 

location, as shown at 1025. In some examples, location 
information can be provided in the message from the man 
agement module. In other examples, location information 
for certain tasks can be stored on the robot. If the task is to 
scan the entire warehouse for obstructions or clean the floor 
in the warehouse with the floor base tool, for example, the 
robot can follow a predetermined path up and down every 
aisle, or the robot can determine its path while performing 
the operations, with or without input/control by the man 
agement module. 
The robot can then perform the requested maintenance 

item, as shown at 1030. As mentioned above, in some 
embodiments, the robot can be substantially autonomous 
and can control the base tool (e.g., the robot can control the 
robotic arm base tool directly), the pattern, and the overall 
procedure of the maintenance item. In other embodiments, 
the management module can control the robot as a tool, with 
the robot merely providing transportation, power, and/or a 
data communications link to the base tool. In still other 
embodiments, the management module can control certain 
portions of the maintenance item, while the robot can control 
other portions. When the task is complete, the robot can 
return the base tool to its normal location or any other 
location, for example, as shown at 1035, and then resume 
other activities. 
As shown in FIG. 11, due to the modular nature of the 

system, embodiments of the present disclosure can also 
comprise a method 1100 of performing multiple tasks with 
the same robot. In other words, because the bins 130, base 
tools 405, and shelves 310 are modular in nature, no 
specialized robots 120 are required and a single type of robot 
can perform multiple tasks. The method 1100 can begin with 
the management module receiving a request for product, for 
example, as shown at 1105. In some examples, the manage 
ment module can be connected to an e-commerce website, 
for example, and can receive requests directly. In other 
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examples, orders can be handled by an exterior website, call 
center, or application, and then sent to the management 
module. 
The management module can then send a message to a 

robot in the warehouse, as shown at 1110. The message can 
include the location of the bin containing requested mer 
chandise, for example, the location of the work Station 
where the merchandise will be picked, and details about the 
bin itself. If the bin contains additional electronics, for 
example, the message may also instruct the robot to utilize 
a camera or scanner on the bin once connected. The message 
may also instruct the robot to take the bin back to its original 
location, to another location, to maintenance, or to be 
restocked, for example, after the pick is completed. 

In some examples, such as when the bin has a power 
Source and additional electronic components, the manage 
ment module can also send a message to the bin, as shown 
at 1115. In some examples, the message may instruct the bin 
to turn on its indicators. In other examples, the message may 
instruct the bin to activate a beacon to help the robot locate 
the bin. The bin may also include lights, cameras, Scanners, 
sensors, actuators or other equipment that should be acti 
vated prior to the arrival of the robot. In still other examples, 
the bin may not have on-board power and the management 
module may send messages only after the bin is attached to 
the robot. 

The robot can then locate the bin in the warehouse, as 
shown at 1120. As mentioned above, location information 
can be included in the message to the robot, or can be stored 
onboard the robot. The robot can use GPS, cellular location 
services, a homing beacon, visual identifiers, location iden 
tifiers, tracks and/or slots in the floor, or other suitable means 
to travel from its current location to the bin. In some 
examples, the robot can also scan the bin to ensure it has 
located the correct bin. 
The robot can then lift the bin slightly off the floor, 

ensuring the bin is sufficiently balanced on the robot, and 
transport the bin to the appropriate work Station for picking, 
as shown at 1125. In some examples, lifting the bin can also 
establish one or more electrical connections including, for 
example, power and/or data communications between the 
bin and the robot. This can enable the robot to transfer power 
to any onboard power source for the bin, or vice versa. The 
electrical connections can also enable the robot to utilize, 
transmit, and/or download data from any electrical equip 
ment on the bin. In some examples, the electrical equipment 
on the bin can only be powered when the robot is connected 
to the bin. As mentioned above, this can enable the robot to 
scan or image the warehouse as it travels from the bin 
location to the work station and back, among other opera 
tions or tasks. 

At the work station an employee, or “picker, can remove 
the requested merchandise from the bin, as shown at 1130. 
In some examples, the picker can then manually activate (or 
deactivate) the pick switch on the bin, as shown at 1135. In 
other examples, a laser scanner or camera, for example, can 
detect the pick and activate the pick switch on the bin. In 
Some examples, the pick Switch can turn off the indicators on 
the bin. In other examples, the pick Switch can also send a 
message from the bin and/or the robot to the management 
module that the pick is complete. In still other examples, the 
pick Switch can deactivate the electrical equipment on the 
bin. The robot can then return the bin to its original location, 
another location, maintenance, or restocking, as necessary, 
as shown at 1140. 
As mentioned above, due to the modular nature of the 

system, the same robot 120 can then receive a request to 
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18 
perform a maintenance task from the management module, 
as shown at 1145. As before, the maintenance request can 
comprise a number of tasks including, but not limited to, 
scanning the warehouse for obstructions or misplaced mer 
chandise, capturing images, pictures or scans for inventory 
control, sensing characteristics of the environment, and 
providing light to other maintenance projects. 
The management module can then send the command to 

a robot, as shown at 1150. In some examples, the command 
can be sent to the robot nearest to the base tool, the robot 
nearest to the management module, or simply a robot that is 
not currently occupied. The instruction can include, for 
example, the task to be completed, the base tool required for 
the task, the location of the base tool and the task, and the 
estimated time of completion. So, for example, the com 
mand can instruct the robot to scan the entire warehouse 
with the camera base tool, that the camera tool is in the 
northwest corner of the warehouse, and that it will take the 
robot approximately one hour to travel up and down every 
aisle imaging every bin. 

Based on the command, a homing signal, track, visual 
identifier, location identifier, or other means, the robot can 
then locate the base tool required for the job, as shown at 
1155. In some examples, each base tool can be returned to 
the same location or another location after use and the 
location for each can be stored on the robot, for example. As 
mentioned above, the base tool can comprise, for example, 
a camera base tool, a light base tool, or a robotic arm base 
tool. In some examples, the system can also comprise a 
“Swiss army knife' base tool comprising two or more 
components on the same base (e.g., lights, sensors, actua 
tors, and cameras). In other examples, the command can 
instruct the robot to locate a bin that includes additional 
components. In this case, the bin is used not to have 
merchandise picked, but to utilize the equipment (e.g., 
cameras, Scanners, sensors, actuators and/or lights) installed 
on the bin. 
The robot can then lift and connect with the base tool, as 

shown at 1160. As mentioned above, the connection can 
comprise power and/or data communications connections. If 
the base tool is the robotic arm base tool, for example, the 
connection can include a power connection for the robot to 
power the arm and/or data communications connections for 
the robot (or the management module) to control the arm. 
This can enable the robot to go into the warehouse and 
remove obstructions from the floor of the warehouse, for 
example. 
Once connected, the robot can travel to the maintenance 

location, as shown at 1165. In some examples, location 
information can be provided in the message from the man 
agement module. In other examples, location information 
for certain tasks can be stored on the robot. If the task is to 
scan the entire warehouse for obstructions or clean the floor 
in the warehouse with the floor base tool, for example, the 
robot can follow a predetermined path up and down every 
aisle. 
The robot can then perform the requested maintenance 

item, as shown at 1170. As mentioned above, in some 
embodiments, the robot can be substantially autonomous 
and can control the base tool (e.g., the robot can control the 
robotic arm base tool directly), the pattern, and the overall 
procedure of the maintenance item. In other embodiments, 
the management module can control the robot as a tool, with 
the robot merely providing transportation, power, and/or a 
data communications link to the base tool. In still other 
embodiments, the management module can control certain 
portions of the maintenance item, while the robot can control 
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other portions. Once completed, the robot can return the 
base tool to its storage location or another location (or to 
maintenance for upkeep), as shown at 1175, and then move 
on to the next task (e.g., another pick or another maintenance 
task). 5 

The management module can command the robot to 
“illuminate aisle four.” for example, to provide illumination 
for maintenance workers. The robot can then retrieve the 
light base tool, either from a fixed location or by locating it 
visually or using a homing beacon, for example, and then 10 
travel to aisle four, which may be a location stored in the 
robots memory and activate the light base tool. Once 
completed, the robot can then return the light base tool (or 
other base tool 405 or bin 130) to its original, or other 
appropriate, location. In some examples, the base tool 405 or 15 
bin 130 can have a fixed “home” location. In other examples, 
the management module can send a second command for the 
robot to return the base tool to a particular location. In 
addition, because of the modularity of the system, any robot 
can use any base tool, and a single robot can use one base 20 
tool, return or disconnect it, and then use another base tool. 

In still other examples, the management module 115 can 
control the robot 120 and the base tool 405 directly. In other 
words, in some embodiments, the robot 120 can receive 
step-by-step instructions from the management module 115 25 
to go to a first location, pick up a base tool 405, and then 
travel to a second location. The management module 115 
can then send commands to the base tool 405 (either directly 
or via the robot 120) to perform one or more operations. The 
management module 115 can then send step-by-step instruc- 30 
tions to the robot 120 to return to the first location and return 
(e.g., put down) the base tool 405. Of course, other load or 
control sharing combinations between the robots 120 and the 
management module 115 could be used without departing 
from the spirit of the invention. 35 

While several possible examples are disclosed above, 
examples of the present disclosure are not so limited. For 
instance, while a system of modular tools for warehouse 
robots is disclosed, other tools and other robots could be 
selected without departing from the spirit of the disclosure. 40 
In addition, the location and configuration used for various 
features of examples of the present disclosure Such as, for 
example, the location and configuration of bins, the types of 
robots, and the layout of the warehouse can be varied 
according to a particular warehouse, inventory, or robot that 45 
requires a slight variation due to, for example, size or 
construction covenants, the type of robot required, or weight 
or power constraints. Such changes are intended to be 
embraced within the scope of this disclosure. 
The specific configurations, choice of materials, and the 50 

size and shape of various elements can be varied according 
to particular design specifications or constraints requiring a 
device, system, or method constructed according to the 
principles of this disclosure. Such changes are intended to be 
embraced within the scope of this disclosure. The presently 55 
disclosed examples, therefore, are considered in all respects 
to be illustrative and not restrictive. The scope of the 
disclosure is indicated by the appended claims, rather than 
the foregoing description, and all changes that come within 
the meaning and range of equivalents thereof are intended to 60 
be embraced therein. 
What is claimed is: 
1. A system comprising: 
a management module to direct one or more components 

of the system; 65 
a robot comprising: 

a drive system to move the robot within a warehouse: 

20 
one or more sensors to provide data to at least the robot 

or the management module: 
a lifting mechanism, with a retracted position and an 

extended position, to lift the one or more compo 
nents of the system off of a floor of the warehouse, 
the lifting mechanism being in the extended position 
to move, via the drive system, the one or more 
components of the system within the warehouse; and 

one or more connections to transfer power and provide 
communications between the robot and the one or 
more components of the system; 

a robotic arm base tool comprising: 
a base comprising one or more complementary con 

nections to transfer power and provide communica 
tions between the robotic arm base tool and the 
robot; and 

a robotic arm coupled to the base and connected to at 
least one of the one or more complementary con 
nections, 

wherein the one or more connections and the one or more 
complementary connections are connected between the 
robot and the robotic arm base tool with the lifting 
mechanism in the extended position; 

wherein the one or more connections and the one or more 
complementary connections are disconnected between 
the robot and the robotic arm base tool with the lifting 
mechanism in the retracted position; and 

wherein the robot is configured to perform a first opera 
tion when uncoupled from the robotic arm base tool 
and perform a second, different operation with the 
robotic arm when coupled to the robotic arm base tool. 

2. The system of claim 1, wherein the robot further 
comprises a first portion of a ball grid array to provide the 
one or more connections; and 

wherein the robotic arm base tool further comprises a 
second portion of the ball grid array to provide the one 
or more complementary connections. 

3. The system of claim 1, the robot further comprising a 
wireless transceiver to communicate with the management 
module; 

wherein the management module controls the robotic arm 
via the one or more connections and the one or more 
complementary connections. 

4. The system of claim 1, the robot further comprising a 
wireless transceiver to communicate with the management 
module; 

wherein the management module sends one or more 
commands to the robot via the wireless transceiver; and 

wherein the robot controls the robotic arm via the one or 
more connections and the one or more complementary 
connections. 

5. A system comprising: 
a robot comprising: 

a drive system to move the robot within an environ 
ment, 

a lifting mechanism, with a retracted position and an 
extended position, to connect to one or more com 
ponents of the system within the environment; and 

one or more connections to transfer power or provide 
communications between the robot and the one or 
more components of the system; and 

a base tool comprising: 
a base comprising one or more complementary con 

nections to transfer power or provide communica 
tions between the base tool and the robot; and 

a tool disposed on the base and coupled to at least one 
of the one or more complementary connections; 
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wherein the one or more connections and the one or more 
complementary connections are connected between the 
robot and the base tool in the extended position; and 

wherein the one or more connections and the one or more 
complementary connections are disconnected between 
the robot and the base tool in the retracted position. 

6. The system of claim 5, wherein the base tool is a first 
base tool, the base is a first base, and the tool is a first tool, 
and further comprising: 

a second, different base tool comprising: 
a second base comprising one or more second comple 

mentary connections to transfer power or provide 
communications between the second base tool and 
the robot; and 

a second, different tool disposed on the second base and 
coupled to at least one of the one or more second 
complementary connections; 

wherein the robot connects to the first base tool to perform 
a first operation; and 

wherein the robot connects with the second base tool to 
perform a second, different operation. 

7. The system of claim 5, wherein the base tool includes 
a robotic arm base tool comprising a robotic arm configured 
to at least one of grasp. move, manipulate, or lift objects. 

8. The system of claim 5, wherein the base tool comprises 
a camera base tool including one or more cameras config 
ured to capture one or more images of the environment. 

9. The system of claim 5, wherein the base tool comprises 
a light base tool including one or more light sources con 
figured to illuminate an area proximate the robot. 

10. The system of claim 5, wherein the base tool com 
prises one or more floor tools configured to maintain at least 
a portion of a floor of the environment. 

11. A system comprising: 
a robot comprising: 

a drive system to move the robot within an environ 
ment; 

a lifting mechanism, with a retracted position and an 
extended position, to selectively connect to one or 
more components of the system within the environ 
ment; and 

one or more connections to transfer power or data 
between the robot and the one or more components 
of the system; 

a first base tool, comprising a first base and a first tool and 
one or more first complementary connections to trans 
fer power or data between the first base tool and the 
robot; and 

a second, different base tool, comprising a shelving unit 
and one or more second complementary connections to 
transfer power or data between the second base tool and 
the robot, the second base tool comprising: 
one or more shelves, each shelf comprising an inner 

portion and an outer portion, to store inventory 
items; and 

one or more electronic components connected to the 
one or more second complementary connections; 

wherein the one or more connections and the one or more 
first complementary connections or the one or more 
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second complementary connections are connected 
between the robot and the first base tool or the second 
base tool, respectively, in the extended position; 

wherein the one or more connections and the one or more 
first complementary connections or the one or more 
second complementary connections are disconnected 
between the robot and the first base tool or the second 
base tool, respectively, in the retracted position; 

wherein the robot connects to the first base tool to perform 
a first operation using the first base tool; and 

wherein the robot connects to the second base tool to 
perform a second, different operation using the second 
base tool. 

12. The system of claim 11, wherein the shelving unit 
further comprises one or more actuators for moving a first 
shelf of the one or more shelves between a first position and 
a second position; 

wherein, in the first position, the first shelf is tilted such 
that the inner portion of the first shelf is below the outer 
portion of the first shelf to cause the inventory items on 
the first shelf to move to a central location on the 
shelving unit; and 

wherein, in the second position, the first shelf is tilted such 
that the inner portion of the first shelf is above the outer 
portion of the first shelf to cause the inventory items on 
the first shelf to move to an outer location on the 
shelving unit. 

13. The system of claim 11, wherein a first shelf of the one 
or more shelves further comprises a pusher for moving 
inventory items between the inner portion of the first shelf 
and the outer portion of the first shelf. 

14. The system of claim 11, wherein at least one of the 
first base tool or the second base tool comprises at least two 
of a light source, an imaging device, a sensor, an actuator, 
a floor maintenance device, a power source or a robotic arm. 

15. The system of claim 11, wherein the lifting mecha 
nism further comprises one or more sensors configured to 
detect at least one of a load imbalance or an overload on the 
lifting mechanism. 

16. The system of claim 11, the second base tool further 
comprising: 

one or more lights to indicate the shelving unit has a pick 
pending; and 

a pick switch configured to turn off the one or more lights. 
17. The system of claim 16, wherein the pick switch 

further initiates a signal to a management module indicating 
completion of the pick. 

18. The system of claim 16, wherein the pick switch 
comprises a laser scanner to detect removal of one or more 
inventory items from the shelving unit; and 

wherein the laser scanner further initiates a signal to a 
management module indicating completion of the pick. 

19. The system of claim 16, wherein the pick switch 
comprises a radio frequency identification (RFID) scanner to 
detect removal of one or more inventory items from the 
shelving unit; and 

wherein the RFID scanner further initiates a signal to a 
management module indicating completion of the pick. 


